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Four genes located on a SSC2 meat quality QTL region
are associated with different meat quality traits in
Landrace x Chinese-European crossbred population
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Summary Several quantitative trait loci (QTL) for different meat quality traits have been localized on
the q arm of porcine chromosome 2 at position 55-78 cM. Association analyses were
performed in a commercial Landrace x Chinese-European (LCE) crossbred population
(n = 446) slaughtered at approximately 127 kg and an average age of 198 days with
records for performance (growth, fat and meat accretion) and meat quality [intramuscular
fat (IMF), Minolta L* Minolta a* Minolta b* and pH at 45 m]. Polymorphisms within
positional candidate genes cloned from homologous regions on human chromosome 19,
ubiquitin-like 5 (UBL5 — AM950288:2.566G>A), resistin (RETN — AM157180:2.1473A>G
causing substitution p.Ala36Thr), insulin receptor (INSR — AM950289:2.589T>C) and
complement factor D (adipsin) (CFD — AM950287:g. 306C>T) were located at positions 62.1,
64.0, 68.0 and 70.7 cM respectively on the current USDA USMARC map of porcine
chromosome 2 and had the following allele frequencies in the LCE: UBL5 566G — 0.57;
RETN 1473G - 0.84; INSR 589C — 0.70; and CFD 306C — 0.73. The effects of alleles within
the candidate genes on the recorded traits were estimated using an animal model. Signif-
icant effects (P < 0.05) were found for pHys in m. semimembranosus (m. sm.) (UBL5), IMF
(RETN) and Minolta L* (RETN, CFD). Differences between phenotypic means of homozyg-
otes at UBL5, RETN and either RETN or CFD explained 0.34 SD for pH,4s5 in m. sm., 0.47 SD
for IMF and 0.68 SD for Minolta L* respectively. Suggestive effects (P < 0.10) on IMF
(UBL5, CFD), Minolta a* (INSR, CFD) and Minolta b* (INSR) were also observed. Our results
support the localization of further QTL for meat quality traits in this region and suggest that
there are several genes affecting different meat quality traits.

Keywords association study, complement factor D (adipsin), insulin receptor, meat quality,
pig, porcine chromosome 2, resistin, ubiquitin-like 5.

Several QTL for meat quality traits have been mapped to the
central part of porcine chromosome 2 (PigQTLdb, http://
www.animalgenome.org/cgi-bin/QTLdb/SS/index, Novem-
ber 2010). The 95% confidence intervals of QTL for different
meat quality traits are located in chromosome region
55-77.9 cM, with peaks scattered between 63.6 and
74.8 cM on the USDA USMARC linkage map (Fig. 1).
According to Meyers et al. (2005), this chromosome region
encompasses homologous regions of human chromosomes
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(HSA) 19 (0.75-17.59 Mb), HSA1 (243.68-224.92 and
176.25-179.16 Mb) and HSAS5 (176.25-80.30 Mb) and
spans approximately 25.4 Mb on porcine chromosome 2
[Sscrofa9 (April 2009 assembly), Ensembl release 61, Feb
2011].

The aim of this work was to clone or partially PCR clone
four porcine genes involved in glucose and fat metabolism,
located in the human homologous segment on HSA 19, as
candidate genes for QTL affecting meat quality, to search for
gene-tagged SNPs and to perform linkage mapping and
association analyses in a commercial Landrace x Chinese-
European (LCE) synthetic population.

We detected the following mutations. In the ubiquitin-like
5 (UBL5) gene: AM950288:2.566G>A (NCBI-ss2755
23695) in the resistin (RETN) gene: AM157180:2.1473A>G
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Figure 1 Map of the porcine chromosome 2 showing chromosome
regions with 95% confidence interval of QTL for meat quality traits
(light grey); the chromosome region with peaks of QTL for meat quality
traits (dark grey); and positions of studied genes.

(NCBI-ss275523696), causing substitution p.Ala36Thr; in
the insulin receptor (INSR) gene: AM950289:2.589T>C
(NCBI-ss275523697) in intron 12 and in the complement
factor D alias adipsin (CFD) gene: AM950287:2.306C>T
(NCBI-ss275523698) in intron 3. For PCR amplification,
sequencing and SNP detection see Appendix S1 and
Table S1.

Allele frequencies of these SNPs in unrelated animals of
eight breeds and wild boar are given in Table S2. In the LCE
population, the SNPs had the following allele frequencies:
UBL5 566G — 0.57, RETN 1473G — 0.84, INSR 589C —
0.70 and CFD 306C - 0.73.

Multipoint linkage analysis of SNPs within the UBLS,
INSR and CFD genes, performed as described by Rohrer
et al. (1994), placed the genes at the positions 62.1, 68.0
and 70.7 cM respectively on the current USDA USMARC
linkage map of SSC2 (Fig. 1). The RETN gene was previ-
ously mapped to position 64.0 cM on the same linkage map
(Cepica et al. 2002).

Statistical association analyses for the four SNPs were
performed on 446 animals of the 12th—15th generations of
a commercial Landrace x Chinese-European (LCE) synthetic
population, with records for 15 traits described by Ovilo
et al. (2006). Main statistics of the traits are given in
Table S3. Animals were slaughtered at 127 + 11.6 kg and
an average age of 198 days.

The allele effects of the examined loci on the recorded
production and meat quality traits were estimated with a
standard animal model. The following univariate model was
used for a separate analysis of each trait:

y=Xf+Zu+e,

where y is a vector of trait records, f, u and e are vectors of
fixed, additive genetic and residual effects, respectively, and
X and Z are known incidence matrices. Fixed effects in X
include slaughter batch (five levels) and the examined locus,
with values 1, O and —1 for the genotypes. The slope of this
covariate, b, estimates the additive allele substitution effect
in the direction given in Table 1. Other covariates depend
on the analysed trait: age at slaughter for growth traits and
carcass weight for the rest of the traits.

The UBLS5 polymorphism was significantly associated
with pHys in m. semimembranosus (m. sm.) and suggestive
for IMF. Animals with the UBLS5 g.566A allele had lower
pHys values in m. sm. in relation to animals carrying the
UBL5 g.566G allele (P < 0.038). Polymorphism within the
UBLS5 gene explained 0.34 standard deviation (SD) for pHys
in m. sm. To date, suggestive QTL for pH4s have been
reported at position 66 ¢M on SSC2 in Duroc x Landrace F,
(Rohrer et al.2006) and White Duroc x Chinese Erhualian
(Duan et al. 2009) resource populations. QTL for other pH
values, such as pH,4, have been positioned previously on
SSC2 at both ends and between positions 54-68 cM, but
records for pH,4, were not available for this population
(pigQTLdb, http://www.animalgenome.org/cgi-bin/QTLdb/
SS/index, November 2010). In search of novel factors
involved in the regulation of energy metabolism, Collier
et al. (2000) reported that the UBL5 gene was over
expressed in hypothalami of obese Israeli sand rats in
comparison with lean littermates. Moreover, intracerebro-
ventricular administration of UBL% resulted in a dose-
dependent increase in food intake, body weight and
neuropeptide Y gene expression in the hypothalamus. The
human homologue, ubiquitin-5-like protein, has been
shown to be prominently involved in the control of energy
metabolism in humans (Bozaoglu et al. 2006; citations
therein). In contrast, Sentinelli et al. (2008) reported that
the UBLS5 gene is unlikely to play a major role in the genetic
susceptibility to early onset obesity in children.

The RETN polymorphism was significantly associated
with IMF (P < 0.026) and Minolta L* (P < 0.029). Animals
with the RETN g.1473A allele had lower values for IMF and
Minolta L* compared to animals with the RETN g.1473G
allele, and phenotypic differences between homozygotes
were equal to 0.47 and 0.68 SD for IMF and Minolta L* in
m. longissimus lumborum et thoracis (m.l.L.t.) respectively.
A QTL for IMF was detected at position 67 c¢cM, and QTL for
L*colour were reported at positions 62.4 and 72.4 cM
(pigQTLdb, http://www.animalgenome.org/cgi-bin/QTLdb/
SS/index, November 2010) respectively. Human plasma
resistin levels are affected by polymorphisms in the
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quality traits to the chromosome region homologous with a
HSA19 and suggest that there are at least three genes
(UBL5, RETN and CFD) affecting different meat quality
traits. A higher number of gene-tagged markers with a
known gene order are needed for detailed multimarker
linkage disequilibria mapping of these QTL.
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